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(54) DIELECTRIC LEAK WAVE ANTENNA HAVING MONO-LAYER STRUCTURE 



(57) The present invention provides a dielectric 
leaky-wave antenna having a single-layer structure 
which is effective for realizing a highly efficient low-cost 
antenna in a quasi-millimeter wave zone in particular. 
This dielectric leaky-wave antenna includes a ground 
plane, a dielectric slab which is laid on one surface of 
the ground plane and forms a transmission guide for 
transmitting an electromagnetic wave from one end side 



to the other end side between itself and the ground plane 
along the surface, perturbations which are loaded on the 
surface of the dielectric slab along the electromagnetic 
wave transmission direction of the transmission guide 
at predetermined intervals and leak the electromagnetic 
wave from the surface of the dielectric slab, and a feed 
which supplies the electromagnetic wave to one end 
side of the transmission guide. 
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Description 

Technical Field 

[0001] The present Invention relates to a dielectric s 
leaky-wave antenna. More particularly, in a dielectric 
leaky-wave antenna for leaking an electromagnetic 
wave formed by a ground plane and a dielectric from a 
transmission guide, the present invention relates to a 
dielectric leaky-wave antenna having a single-layer 
structure which adopts a technique for enabling radia- 
tion of various kinds of polarized electromagnetic waves 
by a simple structure. 

Background Art 

[0002] In recent years, demands for a planar antenna 
which can be used in a millimeter wave region for an 
automotive radar or a wireless LAN have been increas- 
ing. 

[0003] As such an antenna for a millimeter wave re- 
gion, there have been proposed various kinds of anten- 
na, e.g., one for leaking an electromagnetic wave from 
slots provided to a wave guide, a so-called triplate an- 
tenna for feeding power through a triplate line by pro- 
viding a coupling slot on a board and others. 
[0004] However, among these antennas, an antenna 
using a wave guide is disadvantageous^ difficult to be 
manufactured since it has a three-dimensional structure 
partitioned by a metal wall. 

[0005] Further, the triplate antenna has a large line 
loss although it is not as large as that of a microstrip line, 
and unnecessary waves caused due to reflections of ra- 
diating elements are transmitted in the triplate line, 
which prevents the efficiency of the antenna to increase. 
[0006] Therefore, there is proposed a parallel-plate 
slot array antenna in which a transmission guide which 
is equivalent to a wave guide is constituted by upper and 
lower metal surfaces of a printed board and through- 
holes formed so as to pieces the metal surfaces (TECH- 
NICAL REPORT OF IEICE. A-P 99-114, RCS99-11 
(199-10)). 

[0007] However, the parallel-plate slot array antenna 
constituting the transmission guide equivalent to the 
wave guide by using the through-holes to the printed 
board as mentioned above is structurally complicated 
as compared with the dielectric leaky-wave antenna, 
and its manufacturing cost involved by processing of the 
through-holes is increased. 

[0008] Further, in the case of this antenna, since a uni- 
form electromagnetic field mode, i.e., a TEM mode is 
used in a cross section which is vertical to the transmis- 
sion direction, the same strong electric current flows to 
the upper and lower metal plates, and the conductor loss 
is generated, which is a factor of occurrence of the large 
loss. 

[0009] Furthermore, since a dielectric plate is actually 
inserted to the parallel plates in order to shorten the 



guide wavelength and suppress the grating lobe, the di- 
electric loss is also generated, and there is a limit in re- 
ducing the loss. 

[0010] Moreover, as another type of antenna, there is 
proposed a leaky-wave antenna In which a dielectric rod 
for radiation which has a narrow width is arranged on a 
dielectric slab having a double-layer structure to provide 
a transmission line, the height of the transmission line 
is partially changed and metal strips are cyclically pro- 
vided to lower parts (US Patent No. 4,835,543, "Dielec- 
tric slab antenna"). 

[0011] This is a one-dimensional array antenna. In or- 
der to obtain a two-dimensional antenna which is prac- 
tically important, however, since a plurality of dielectric 
rods for radiation must be arranged, the mass produc- 
tion property is poor, and a power feeding system to 
these rods in phase becomes complicated. 
[001 2] Besides, there is proposed a method by which 
a dielectric slab having a projection portion in a direction 
vertical to the plate is manufactured, the surface of the 
slab is metalized in order to form a continuous trans- 
verse slub and the obtained slub is utilized for an anten- 
na (US Patent No. 5,266,961 "Continuous transverse 
slub element devices and method of making same"). 
[0013] This is a slot array antenna which is uniform in 
the transverse direction and uses a parallel-plate wave 
guide in which a dielectric is inserted. However, a die- 
lectric material such as alumina is generally difficult to 
be processed at a high frequency of, e.g., a millimeter 
wave and with low loss. Manufacturing the complicated 
dielectric slab having many protrusions leads to the 
problems in cost. 

[0014] Thus, there has been expected realization of 
a planar antenna which has a simple structure and the 
high efficiency and can emit various kinds of polarized 
electromagnetic waves respectively suitable for an au- 
tomotive radar or a wireless LAN. 
[001 5] Therefore, the present international patent ap- 
plicant (inventor) filed a patent application "dielectric 
leaky-wave antenna (double-layer structure)" to Japan 
(JPA2000-54487, JPA2000-22471), United States (die- 
lectric leaky-wave antenna filed on December 19, 2000) 
and Europe (EPA001 27989. 2). 
[0016] This "dielectric leaky-wave antenna (double- 
layer structure)" greatly reduces the electric currents 
flowing to a ground plane and the conductor loss and 
realizes the high efficiency by providing a small air layer 
between the ground plane and a dielectric slab (plate) 
and obtaining the double-layer structure. 
[0017] Moreover, by providing such a double-layer 
structure, since a metal strip can be also printed on a 
back surface of the dielectric slab, reflection in the line 
can be suppressed. 

[0018] In an antenna for the 76 GHz band manufac- 
tured by way of trial based on these techniques, the an- 
tenna efficiency of 76% which is far greater than the con- 
ventional antenna efficiency of approximately 50% is re- 
alized. 
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[0019] Meanwhile, when trying to apply the "dielectric 
leaky-wave antenna (double-layer structure)" to a low- 
frequency domain of a quasi-millimeter wave or a mil- 
limeter wave for wireless access (for example, FWA: 
Fixed Wireless Access) and the like in the 20 GHz band, 5 
the wavelength becomes approximately two fold to 
three fold. Therefore, the necessary thickness of the di- 
electric slab becomes as thick as approximately 2 mm, 
whereas the conventional thickness is approximately 
0.6 to 0.8 mm. 

[0020] Thus, such a thickness (approximately 2 mm) 
can not be realized easily by using alumina which is gen- 
erally used for such a dielectric slab because of techni- 
cal problems in manufacture. In addition, since the 
board having a special thickness which can not be ob- 
served in the standard size is necessary, the cost for 
materials is disadvantageous^ increased. 
[0021] Therefore, the inventor of this international 
patent application has obtained the following knowledge 
by eagerly adding examination in order to apply the 
above-described "dielectric leaky-wave antenna (dou- 
ble-layer structure)" to communication in a quasi-millim- 
eter wave region such as a 20 GHz band, e.g., wireless 
access, an indoor wireless LAN and the like, or a low- 
frequency domain of a millimeter wave. 
[0022] At first, the important knowledge is that, by pro- 
viding a "dielectric leaky-wave antenna having a single- 
layer structure" of a so-called image guide type in which 
a dielectric slab is laid on a ground plane, the thickness 
of the dielectric slab can be 1/2 of the thickness in case 
of applying the above-described "dielectric leaky-wave 
antenna (double-layer structure)" tothequasi-millimeter 
wave region (not more than approximately 1 mm). 
Therefore, the board having the thickness of approxi- 
mately 0.6 to 0.8 mm in the standard size can be used. 
[0023] Another knowledge is that, by providing such 
a "dielectric leaky-wave antenna having a single-layer 
structure", although the entire conductor loss is in- 
creased as compared with the case when providing an 
air layer as in the above-mentioned "dielectric leaky- 
wave antenna (double-layer structure)", the conductor 
loss itself is in proportion to a square root of a frequency. 
Therefore, the influence of the conductor loss is relative- 
ly small in the quasi-millimeter wave region. 
[0024] Still another knowledge is that, in such a "die- 
lectric leaky-wave antenna having a single-layer struc- 
ture", the antenna structure in which uniform metal strip 
rows are provided in the transverse direction on the di- 
electric slab surface or a reflection suppression strip is 
provided on the same surface is also common to the 
above-described "dielectric leaky-wave antenna (dou- 
ble-layer structure)". 

Disclosure of Invention 

[0025] In view of the above-described prior art prob- 
lems and the knowledge for those problems, it is an ob- 
ject of the present invention to provide a dielectric leaky- 



wave antenna having a single-layer structure which is 
effective for realizing a low-cost antenna with high effi- 
ciency in a quasi-millimeter wave region in particular. 
[0026] To achieve this object, according to the present 
invention, 

(1) there is provided a dielectric leaky-wave an- 
tenna comprising: 

a ground plane; 

a dielectric slab which is laid on one surface of the 
ground plane, and forms a transmission guide for 
transmitting an electromagnetic wave from one end 
side to the other end side along the surf ace between 
the ground plane and itself; 
perturbations which are loaded along the electro- 
magnetic transmission direction of the transmission 
guide on the surface of the dielectric slab at prede- 
termined intervals, and leak electromagnetic wave 
from the surface of the dielectric slab; and 
a feed which supplies the electromagnetic wave to 
one end side of the transmission guide. 

[0027] Further, according to the present invention, 

(2) there is provided the dielectric leaky-wave an- 
tenna defined in the above (1), wherein the perturbation 
has a length which is substantially equal to a width of 
the dielectric slab, and is constituted by a metallic strip 
or a slot which is orthogonal to the electromagnetic wave 
transmission direction of the transmission guide. 
[0028] Furthermore, according to the present inven- 
tion, 

(3) there is provided the dielectric leaky-wave an- 
tenna defined in the above (1 ), wherein the perturbation 
is constituted by a metallic strip or a slot having an angle 
of 45 degrees with respect to the electromagnetic wave 
transmission direction of the transmission guide. 
[0029] Moreover, according to the present invention, 

(4) there is provided the dielectric leaky-wave an- 
tenna defined in the above (2) or (3), wherein a pair of 
perturbations arranged in parallel to each other in such 
a manner that an interval along the electromagnetic 
wave transmission direction of the transmission guide 
becomes approximately 1/4 of a wavelength of the elec- 
tromagnetic wave in the transmission guide are loaded 
at the predetermined intervals along the electromagnet- 
ic wave transmission direction of the transmission 
guide. 

[0030] In addition, in order to achieve the-above de- 
scribed object, according to the present invention, 

(5) there is provided a dielectric leaky-wave an- 
tenna, wherein the perturbation is constituted by a pair 
of metallic strips or a pair of slots which form an angle 
of 90 degrees and respectively have an angle of 45 de- 
grees with respect to the electromagnetic wave trans- 
mission direction of the transmission guide. 

[0031 ] Additionally, in order to achieve the above-de- 
scribed object, according to the present invention, 

(6) there is provided the dielectric leaky-wave an- 
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tenna defined in (5), wherein an interval between the 
metallic strips forming a pair or the slots forming a pair 
is set to approximately 1/4 or 1/2 of a wavelength of the 
electromagnetic wave in the transmission guide. 
[0032] Further, in order to achieve the above-de- 5 
scribed object, according to the present invention, 

(7) there is provided the dielectric leaky-wave an- 
tenna defined in the above (1 ), wherein the feed is con- 
stituted so as to radiate a cylindrical wave, and a wave- 
front conversion section for converting a cylindrical 
wave radiated from the feed into a plane wave and lead- 
ing it to the transmission guide is provided to one end 
side of the dielectric slab. 

[0033] Furthermore, in order to achieve the above-de- 
scribed object, according to the present invention, 

(8) there is provided the dielectric leaky-wave an- 
tenna defined in the above (7), wherein the wave-front 
conversion section is formed by extending the dielectric 
slab to the feed side. 

[0034] Moreover, in order to achieve the above-de- 
scribed object, according to the present invention, 

(9) there is provided the dielectric leaky-wave an- 
tenna defined in the above (8), wherein the feed is 
formed so as to transmit the electromagnetic wave in- 
putted from one end side thereof to one end side of the 
dielectric slab along the ground plane and radiate it from 
an aperture portion on the other end side formed so as 
to surround an edge portion on one end side of the die- 
lectric slab, and a matching section which projects to- 
ward the ground plane side so that a gap between itself 
and the surface of the wave-front conversion section be- 
comes gradually or continuously small toward the wave- 
front conversion section is provided to the aperture por- 
tion on the other end side of the feed in order to match 
the feed with the wave-front conversion section. 
[0035] In addition, in order to achieve the above-de- 
scribed object, according to the present invention, 

(1 0) there is provided the dielectric leaky-wave an- 
tenna defined in the above (8), wherein a matching sec- 
tion for matching the feed and the wave-front conversion 
portion and leading the electromagnetic wave supplied 
from the feed to the wave-front conversion section is 
provided to a leading end of the wave-front conversion 
section. 

[0036] Additionally, in order to achieve the above-de- 
scribed object, according to the present invention, 

(1 1 ) there is provided the dielectric leaky-wave an- 
tenna defined in the above (7), wherein the wave-front 
conversion section has a reflecting wall which converts 
a cylindrical wave into a plane wave and one half portion 
of the reflecting wall is arranged so as to face one end 
side of the dielectric slab, and the feed is arranged on 
the opposite side to the dielectric slab with the ground 
plane therebetween so as to illuminate the other half 
portion of the reflecting wall of the wave-front conversion 
section. 

[0037] Further, in order to achieve the above-de- 
scribed object, according to the present invention, 
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(1 2) there is provided the dielectric leaky-wave an- 
tenna defined in the above (11), wherein a matching 
section for matching the wave-front conversion section 
with the transmission guide of the dielectric slab is pro- 
vided at one end side of the dielectric slab. 

[0038] Furthermore, in order to achieve the above-de- 
scribed object, according to the present invention, 

(13) there is provided the dielectric leaky-wave an- 
tenna defined in the above (10) or (12), wherein the 
matching section is formed into a tapered shape so that 
the thickness is reduced toward the input side for the 
electromagnetic wave. 

[0039] Moreover, in order to achieve the above-men- 
tioned object, according to the present invention, 

(1 4) there is provided the dielectric leaky-wave an- 
tenna defined in the above (10) or (12), wherein the 
matching section is constituted by a dielectric having a 
dielectric constant different from that of the dielectric 
slab. 

[0040] In addition, according to the present invention, 
in order to achieve the above-described object, 

(1 5) there is provided the dielectric leaky wave an- 
tenna defined in the above (12), wherein the wave-front 
conversion section is formed so as to transmit the elec- 
tromagnetic wave reflected from the reflecting wall to 
one end side of the dielectric slab along the ground 
plane and radiate the electromagnetic wave from an ap- 
erture portion formed so as to surround an edge portion 
on one end side of the dielectric slab, and a matching 
section which protrudes to the ground plane side so that 
a gap between itself and the surface of the dielectric slab 
becomes gradually or continuously small toward the di- 
electric slab side is provided to the aperture portion of 
the wave-front conversion portion in order to match the 
wave-front conversion section with the transmission 
guide of the dielectric slab. 

[0041] Additionally, according to the present inven- 
tion, in order to achieve the above-described object, 

(1 6) there is provided the dielectric leaky-wave an- 
tenna defined in the above (7), wherein the feed has a 
plurality of radiators having radiation center positions 
different from each other, and 

wherein the wave-front conversion section con- 
verts a cylindrical wave radiated from each of the radi- 
ators into a plane wave whose wave front inclines at an 
angle corresponding to the radiation center position of 
that radiator and supplies the obtained wave to the 
transmission guide. 



[0042] 

FIG. 1 is a front view for illustrating a structure of a 
dielectric leaky-wave antenna according to a first 
embodiment of the present invention; 
FIG. 2 is a cross-sectional view taken along the line 
2-2 in FIG. 1; 
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FIG. 3 is a view showing a modification of a pertur- 
bation depicted in FIG. 1; 

FIG. 4 is a view showing a modification of the per- 
turbation illustrated in FIG. 1 ; 
FIG. 5 is a view for illustrating the effects obtained s 
by the perturbation depicted in FIG. 4; 
FIG. 6 is a view showing a modification of the per- 
turbation depicted in FIG. 1 ; 
FIG. 7 is a view showing a modification of the per- 
turbation illustrated in FIG. 1 ; io 
FIG. 8 is a view showing a modification of the per- 
turbation depicted in FIG. 1 ; 
FIG. 9 is a view showing a modification of the per- 
turbation illustrated in FIG. 1 ; 
FIGS. 1 0A and 1 0B are views for illustrating the ef- '5 
fects obtained by the perturbation shown in FIG. 7; 
FIG. 11 is a front view for illustrating a structure 
when a reflecting type wave-front conversion sec- 
tion is used as a dielectric leaky-wave antenna ac- 
cording to a second embodiment of the present in- 20 
vention; 

FIG. 12 is a rear view for illustrating a structure 
when the reflecting type wave-front conversion sec- 
tion is used as the dielectric leaky-wave antenna ac- 
cording to the second embodiment of the present 25 
invention; 

FIG. 13 is a cross-sectional view taken along the 
line 13-13 in FIG. 11; 

FIG. 1 4 is a view showing a modification of a match- 
ing section depicted in FIG. 11 ; 30 
FIGS. 1 5A and 1 5B are a plan view and a side view 
showing a modification of the matching section il- 
lustrated in FIG. 11; 

FIG. 16 is a view showing a modification of the 
matching section depicted in FIG. 11 ; 35 
FIG. 17 is a view showing a modification of the 
matching section illustrated in FIG. 11; 
FIG. 18 is a view showing a modification of the 
matching section depicted in FIG. 11 ; 
FIG. 19 is a front view for illustrating a structure 40 
when a feed and a wave-front conversion section 
shown in FIG. 1 are modified as a dielectric leaky- 
wave antenna according to a third embodiment of 
the present invention; 

FIG. 20 is a view for illustrating the effect of the feed 45 
and the wave-front conversion section shown in 
FIG. 19; 

FIG. 21 is a front view for illustrating a structure 
when the feed and the wave-front conversion sec- 
tion shown in FIG. 11 are modified as a dielectric 50 
leaky-wave antenna according to a fourth embodi- 
ment of the present invention; 
FIG. 22 is a block diagram showing an example of 
a feeder circuit applied to the third and fourth em- 
bodiments according to the present invention; and 55 
FIG. 23 is a block diagram showing an example of 
the feeder circuit applied to the third and fourth em- 
bodiments according to the present invention. 
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Best Mode for Carrying Out of the Invention 

[0043] Each embodiment according to the present in- 
vention will now be described with reference to the ac- 
companying drawings. 

(First Embodiment) 

[0044] FIGS. 1 and 2 show a structure of a dielectric 
leaky-wave antenna 20 according to a first embodiment 
of the present invention. 

[0045] This dielectric leaky-wave antenna 20 has a 
ground plane 21 consisting of a metallic flat plate. 
[0046] A dielectric slab 23 forming a transmission 
guide for transmitting an electromagnetic wave between 
the dielectric slab 23 and the ground plane 21 is provid- 
ed on a top surface 21 a of the ground plane 21 in such 
a manner that a lower surface side of the dielectric slab 

23 is laid on the ground plane 21 . 

[0047] This dielectric slab 23 consists of a dielectric 
material having a high dielectric constant for transmit- 
ting an electromagnetic wave, e.g., a substantially rec- 
tangular board which is made of alumina having a rela- 
tive dielectric constant Er = 9.7 and has a thickness of 
approximately 0.5 mm. One end side of the dielectric 
slab 23 is extended so as to curve. 
[0048] Since the dielectric constant of the dielectric 
slab 23 is very large, the electromagnetic wave fed from 
one end side intensively proceeds toward the other end 
side in the dielectric slab 23 having the high dielectric 
constant. 

[0049] Since the propagation effect of the electromag- 
netic wave uniformly occurs in the transverse direction 
of the dielectric slab 23, it can be said that a rectangular 
portion except a curved portion extended toward one 
end side of the dielectric slab 23 forms one transmission 
guide having a wide width in which small-width trans- 
mission guides having the same length are continuously 
aligned in order to transmit the electromagnetic wave 
from one end side to the other end side. 
[0050] Further, a plurality of metallic strips 24 (six in 
the drawing) which have a length equal to the width of 
the dielectric slab 23 and a predetermined width s and 
are orthogonal to the transmission guide are provided 
on a top surface of the rectangular portion (transmission 
guide portion) of the dielectric slab 23 so as to be parallel 
to each other at predetermined intervals d as perturba- 
tions of this embodiment. 

[0051] It is to be noted that the thickness of the me- 
tallic strip is actually in the urn order and negligibly thin 
as compared with the thickness of the dielectric slab 
since the metallic strip is pattern-formed. In the drawing, 
however, the thickness is shown exaggerated for better 
understanding. 

[0052] As described above, when the metallic strips 

24 orthogonal to the transmission guide are provided on 
the dielectric slab 23 at predetermined intervals d so as 
to be parallel to each other, space harmonics are gen- 
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erated in the electromagnetic waves proceeding in the 
slab, and specific electromagnetic waves leak from the 
slab surface. 

[0053] in general, a radiation direction of this leaky 
wave (angle with an axis orthogonal to the slab as a ref- 
erence) can be represented by the following expression: 

<|>n = sin" 1 {p/ko}+n(Xo/d)} 

where p is a propagation coefficient of the unper- 
turbed dielectric guide; 

ko is a propagation coefficient in a free space; and 
n is an integer, and the interval d is usually selected 
so that only n = -1 mode becomes a radiation wave. 

[0054] Furthermore, a quantity of radiation of the 
leaky wave is mainly determined by a width s of the me- 
tallic strip 24. 

[0055] Therefore, when the electromagnetic wave is 
supplied from one end side of the slab in the longitudinal 
direction (direction orthogonal to the metallic strips 24) 
to the dielectric slab 23, the leaky wave having the in- 
tensity determined by the width s of the metallic strip is 
radiated in a direction determined by the interval d of the 
metallic strip 24. 

[0056] On the other hand, the portion extended so as 
to curve on one end side of the dielectric slab 23 is a 
wave-front conversion section 26 for converting a cylin- 
drical wave radiated from a later-described feed 3C into 
a plane wave and inputting it to one end side of the trans- 
mission guide section (rectangular portion) of the die- 
lectric slab 23 in phase. 

[0057] In this embodiment, since this wave-front con- 
version section 26 is extended in such a manner that 
the dielectric slab 23 is caused to form a dielectric lens 
toward one end side thereof, the wave-front conversion 
section 26 converts the cylindrical wave having a radi- 
ation center at its focusing position into a planar wave 
which is parallel to the transverse direction of the trans- 
mission guide of the dielectric slab 23. 
[0058] To a front edge of this wave-front conversion 
section 26 is provided a matching section 27 for match- 
ing the wave-front conversion section 26 with the later- 
described feed 30. 

[0059] Although this matching section 27 has a simple 
structure which is tapered so that the height becomes 
smaller toward the feed 30 side, the matching section 
27 can efficiently lead the electromagnetic wave from 
the feed 30 to the wave-front conversion section 26. 
[0060] This feed 30 is of an electromagnetic horn type 
consisting of a wave guide section 30a and a horn sec- 
tion 30b and radiates the electromagnetic wave inputted 
from the wave guide section 30a to the wave-front con- 
version section 26. 

[0061] Here, as the feed 30, there is employed an H- 
plane sectoral horn type or an E-plane sectoral horn 



type by which the small height at the radiation aperture 
can suffice. 

[0062] Further, the H-plane sectoral horn type feed 30 
radiate a TM wave which does not have a longitudinal 

5 component of magnetic field H, 

[0063] Furthermore, the E-plane sectoral horn type 
feed 30 radiates a TE wave which does not have a lon- 
gitudinal component of electric field E. 
[0064] By such an H-plane or E-plane sectoral horn, 

10 the surface wave-front (isophase surface) of the radiat- 
ed electromagnetic wave becomes a cylindrical surface 
as long as the horn section 30b is not extremely long. 
[0065] Thus, as described above, the cylindrical wave 
radiated from this feed 30 becomes a plane wave by the 

is wave-front conversion section 26, and the obtained 
wave enters one end side of the transmission guide 
formed by the dielectric slab 23 in phase. 
[0066] Therefore, the surface of the dielectric slab 23 
radiates the leaky wave which is in phase in the trans- 

20 verse direction. 

[0067] That is, when the feed 30 is set on the top side 
or the ground side and used, the vertically polarized 
electromagnetic wave having a corresponding compo- 
nent is radiated in a plane (vertical plane) formed by the 

25 transmission direction of the electromagnetic wave in 
the dielectric slab 23 and the direction orthogonal to the 
slab. 

[0068] As described above, the dielectric leaky-wave 
antenna 20 according to the first embodiment can radi- 

30 ate a vertically polarized electromagnetic wave from the 
surface of the dielectric slab 23 which is provided on the 
surface of the ground plane 21 and forms the transmis- 
sion guide for transmitting the electromagnetic wave be- 
tween the dielectric slab 23 and the ground plane 21 

35 with a very simple structure in which the metallic strips 
24 are provided as the perturbations in the transverse 
direction to the transmission guide. 
[0069] Furthermore, in case of the above-described 
dielectric leaky-wave antenna 20, the metallic strips 24 

40 which have a length equal to the width of the dielectric 
slab 23 and are orthogonal to the electromagnetic wave 
transmission direction of the transmission guide are pro- 
vided in parallel to each other. 
[0070] Thus, as shown in FIG. 3, when the metallic 

45 strips 34 which have the angle of 45 degrees relative to 
the electromagnetic wave transmission direction of the 
transmission guide are arranged as the perturbations at 
intervals d in the electromagnetic wave transmission di- 
rection of the transmission guide and arbitrary intervals 

so in the transverse direction of the transmission guide, the 
45-degree linearly polarized electromagnetic wave can 
be readily radiated as the dielectric leaky-wave antenna. 
[0071] In this case, if the length of each metallic strip 
34 is selected to be a resonance length and a dipole is 

55 provided, then, the high-frequency electric current is in- 
duced, and this results in leak of the electromagnetic 
wave having the 45-degree line polarization. 
[0072] As described above, enabling radiation of the 
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45-degree linearly polarized electromagnetic wave as 
the dielectric leaky-wave antenna can satisfy essential 
requirements as an antenna for a radar mounted in an 
automobile. 

[0073] That is, when a radar device is used to detect 5 
a preceding automobile and control traveling, although 
a radar wave from an automobile running in an opposite 
lane becomes an interfering wave, using the 45-degree 
linear polarization causes the electromagnetic wave 
from the oncoming car to be orthogonal to the polariza- 
tion direction of the antenna of its own car, thereby 
avoiding interference. 

[0074] Moreover, as shown in FIG. 4, when a pair of 
metallic strips 34a and 34b which are aligned in the V 
shape so as to form an angle of 90 degrees as the per- 
turbations are arranged so as to respectively form an 
angle of 45 degrees relative to the electromagnetic 
wave transmission direction of the transmission guide 
at the interval d in the electromagnetic wave transmis- 
sion direction of the transmission guide and at a prede- 
termined interval in the transverse direction of the trans- 
mission guide, varying the spacing P between the pair 
of the metallic strips 34a and 34b can change the polar- 
ization state including the horizontal polarization and the 
circular polarization. 

[0075] For example, when the pair of metallic strips 
34a and 34b are provided with a spacing of P = Xg/2, 
high-frequency electric currents la and lb along the 
lengthwise direction of the respective metallic strips 34a 
and 34b symmetrically flow as shown in FIG. 5. Their 
horizontal components (components in the vertical di- 
rection in FIG. 5) la(h) and lb(h) are added in phase and 
vertical components la(v) and lb(v) are canceled out in 
opposite phases, thereby radiating the horizontally po- 
larized electromagnetic wave. 
[0076] In addition, although not shown, when the pair 
of metallic strips 34a and 34b are provided with a spac- 
ing P = Xg/4, the directions of the electric currents flow- 
ing along the pair of metallic strips 34a and 34b become 
spatially orthogonal to each other and a difference in 
phase is thereby 90 degrees. Therefore, the circularly 
polarized electromagnetic wave whose polarization 
plane rotates is radiated. 

[0077] Additionally, in the foregoing embodiment, al- 
though the metallic strips 24 and 34 are used as the per- 
turbations, slots can substitute for these metallic strips. 
[0078] For example, when each slot 37 formed in a 
metal frame plate 36 is provided at an angle of 45 de- 
grees relative to the electromagnetic wave transmission 
direction of the transmission guide as the perturbation 
in place of the metallic strip 34 as shown in FIG. 6, the 
45-degree linearly polarized electromagnetic wave can 
be radiated as similar to the case of the metallic strip 34. 
[0079] Further, although not shown, when slots which 
have a length substantially equal to the width of the di- 
electric slab 23 and are orthogonal to the electromag- 
netic wave transmission direction of the transmission 
guide are provided as the perturbation in parallel to each 



other with a interval d therebetween in place of the me- 
tallic strip 24, the vertical linearly polarized electromag- 
netic wave can be radiated. 

[0080] Furthermore, although not shown, when a pair 
of slots which are aligned in the V shape so as to form 
an angle of 90 degrees are provided so as to respec- 
tively form an angel of 45 degrees relative to the elec- 
tromagnetic wave transmission direction of the trans- 
mission guide at the interval d in the electromagnetic 
wave transmission direction of the transmission guide 
and a predetermined interval in the transverse direction 
of the transmission guide in place of the pair of metallic 
strips 34a and 34b and the spacing between the pair of 
slots is determine as A.g/2, the horizontal linearly polar- 
ized electromagnetic wave can be radiated. 
[0081] Moreover, in this case, when the spacing be- 
tween the pair of slots is determined as A.g/4, the circu- 
larly polarized electromagnetic wave can be radiated. 
[0082] Additionally, in the above-described embodi- 
ment, the metallic strips 24 and 34, the slot 37 or the 
pair of metallic strips 34a and 34b as the perturbations 
are arranged on the dielectric slab 23 at predetermined 
intervals d. 

[0083] On the other hand, when a pair of perturbations 
arranged in parallel to each other with a spacing of ap- 
proximately 1/4 of the wavelength in the transmission 
guide Xg are arranged with a predetermined interval d 
along the transmission direction of the electromagnetic 
wave, reflection of the electromagnetic wave transmit- 
ted in the transmission guide caused by the perturba- 
tions can be reduced. 

[0084] For example, as shown in FIG. 7, metallic 
strips 24 and 25 which have a length equal to the width 
of the dielectric slab 23, are orthogonal to the electro- 
magnetic wave transmission direction of the transmis- 
sion guide and arranged in parallel to each other with a 
spacing 6 which is substantially 1/4 of the wavelength 
in the transmission guide A.g are provided along the elec- 
tromagnetic wave transmission direction of the trans- 
mission guide with a predetermined interval d as a pair 
of perturbations. 

[0085] In addition, a shown in FIG. 8, metallic strips 
34 and 35 which form an angle of 45 degrees relative to 
the electromagnetic wave transmission direction of the 
transmission guide and are arranged in parallel to each 
other with a gap which is substantially 1/4 of the wave- 
length in the transmission guide are provided along the 
electromagnetic wave transmission direction of the 
transmission guide with a predetermined interval d as a 
pair of perturbations. 

[0086] Further, as shown in FIG. 9, slots 37 and 39 
(reference numeral 38 denotes a metal frame plate) 
which form an angle of 45 degrees relative to the elec- 
tromagnetic wave transmission direction of the trans- 
mission guide and are arranged in parallel to each other 
with a spacing which is approximately 1/4 of the wave- 
length in the transmission guide are provided along the 
electromagnetic wave transmission direction of the 
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transmission guide with a predetermined interval d as a 
pair of perturbations. 

[0087] With the above-described structure, an elec- 
tromagnetic wave reflecting component caused by one 
of thepairofperturbationsandan electromagnetic wave s 
reflecting component caused by the other one of the 
same can be canceled out. 

[0088] This will now be described by taking an in- 
stance where a pair of perturbations are the metallic 
strips 24 and 25 shown in FIG. 7. 
[0089] That is, as shown in FIG. 10A, when the me- 
tallic strip 25 is not provided, reflection occurs with re- 
spect to the electromagnetic wave proceeding in the di- 
electric slab 23 at the part of the metallic strip 24, and 
the electric field in the transmission guide is largely dis- 
turbed by the reflecting wave r. 
[0090] On the other hand, when the gap is displaced 
by 8 = A,g/4 and the metallic strip 25 is provided, a dif- 
ference in propagation path between the reflecting wave 
Ta reflected by the metallic strip 24 and the reflecting 
wave rb reflected by the metallic strip 25 becomes Xg/ 
2, and these reflecting waves are canceled out in oppo- 
site phases. 

[0091] Therefore, disturbance of the electric field in 
the transmission guide due to the reflecting wave can 
be eliminated, and the characteristic which is very close 
to the design characteristic can be obtained. 
[0092] Incidentally, when the metallic strips or the 
slots are provided with a gap which is 1/4 of the wave- 
length in the transmission guide, a length or a width of 
each metallic strip or slot or a gap d is set in such a 
manner that a combined wave obtained from the elec- 
tromagnetic wave leaking from one of the metallic strips 
or slots and the electromagnetic wave leaking from the 
other one can have a desired characteristic. 
[0093] Alternatively, in the dielectric leaky-wave an- 
tenna 20, the wave-front conversion section 26 is con- 
stituted by the dielectric lens in which one end side of 
the dielectric slab 23 is extended. 

(Second Embodiment) 

[0094] On the contrary, a parabola reflecting type 
wave-front conversion section 46 may be used as in a 
dielectric leaky-wave antenna 40 according to a second 
embodiment shown in FIGS. 11 to 13. 
[0095] FIGS. 1 1 to 1 3 show a structure of a dielectric 
leaky-wave antenna 40 according to the second embod- 
iment of the present invention. 
[0096] In the dielectric leaky-wave antenna 40 ac- 
cording to the second embodiment, the wave-front con- 
version section 46 has a reflecting wall 46a for reflecting 
the cylindrical wave and converting it into the plane 
wave and a guide section 46b for guiding the reflected 
planar wave to one end side of the dielectric slab 23'. 
The wave-front conversion section 46 is attached in 
such a mannerthat an upper half portion of the reflecting 
wall 46a is directed to one end side of the dielectric slab 



23' and the aperture of the horn section 30b of the elec- 
tromagnetic horn type feed 30 provided to the lower sur- 
face side of the ground plane 21 is closed by a lower 
half portion of the reflecting wall 46a. 
[0097] Therefore, the cylindrical wave radiated from 
the feed 30 is reflected by the reflecting wall 46a of the 
wave-front conversion section 46, converted into the 
plane wave, and inputted to the transmission guide of 
the dielectric slab 23' in the uniform phase. 
[0098] In case of this dielectric leaky-wave antenna 
40, since the feed 30 is arranged on the rear surface 
side in order to turn back the electromagnetic wave, the 
length of the entire antenna can be shortened. 
[0099] Further, in case of this dielectric leaky-wave 
antenna 40, since the dielectric lens is not required, one 
end side of the dielectric slab 23' can be made straight 
(making the outer shape rectangular). Furthermore, lin- 
early providing the matching section 27 can suffice, and 
the slab processing can be hence greatly facilitated. 
[0100] Moreover, in the dielectric leaky-wave anten- 
nas 20 and 40 mentioned above, the matching section 
27 is manufactured into a tapered shape and formed in 
such a manner that the height on the surface side be- 
comes smaller toward the input side of the electromag- 
netic wave. 

[0101] On the contrary, the matching section may be 
formed into a tapered shape in such a mannerthat the 
height of the surface on the ground plane 21 side be- 
comes larger toward the input side of the electromag- 
netic wave, as similar to the matching section 27' shown 
in FIG. 14. 

[01 02] As described above, when the tapered portion 
is formed so that the height from the ground plane 21 
side becomes large, the matching state can be im- 
proved, and the transmission loss can be reduced. 
[0103] For example, assuming that the height of the 
horn section 30b of the feed 30 or the opening portion 
of the guide section 46b of the wave-front conversion 
section 46 from the ground plane 21 is 1.8 mm, the thick- 
ness of each of the dielectric slabs 23 and 23' made of 
alumina is 0.64 mm, the tapered length is 8.6 mm, and 
the thickness of an end of the tapered portion is 0.2 mm , 
the transmission loss was analyzed. As a result, it was 
confirmed that, when using the above-described match- 
ing section 27', the transmission loss is reduced by ap- 
proximately 0.8 dB in a frequency range of 60 to 90 GHz 
as compared with the case of using the matching section 
27 and the fluctuation range becomes greatly small. 
[01 04] Incidentally, when using the matching sections 
27 and 27' mentioned above, the end of each of the di- 
electric slabs 23 and 23' must be processed into a ta- 
pered shape. 

[0105] In this case, since fracture or crack may be 
possibly generated to the dielectric slab due to taper 
processing, the matching section may be formed by pro- 
viding a matching dielectric having a dielectric constant 
different from those of the dielectric slabs 23 and 23' to 
the end in place of performing taper processing. 
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[01 06] For example, as shown in FIG. 1 5, a matching 
dielectric 41 having a relative dielectric constant E1 and 
a width L is attached to the end of the dielectric slab 23' 
in order to carry out matching. 
[0107] In this case, it is desirable that the length L of 
the matching dielectric 41 is set so as to be equal to 1/4 
of the wavelength in the guide kg. Also, assuming that 
the relative dielectric constant of the dielectric slab 23' 
(or the dielectric slab 23) is Er and the relative dielectric 
constant in the guide section 46b of the wave-front con- 
version section 46 (or in the horn section 30b of the feed 
30) is E0 (usually, 1 with air), it is desirable to select the 
relative dielectric constant E1 of the matching dielectric 
41 in such a manner that the relationship of the following 
expression can be attained: 

E1 = (Er-E0) 1/2 

[0108] Further, in the dielectric leaky-wave antennas 
20 and 40 according to the foregoing embodiments, al- 
though the matching section 27 or 27' are provided to 
one end side of the dielectric slab 23 or 23', the matching 
section can be provided to the feed 30 for supplying the 
electromagnetic wave to one end side of the dielectric 
slab 23 or 23' or to the wave-front conversion section 46 
side. 

[0109] For example, as shown in FIG. 16, the match- 
ing section 46c which protrudes toward the ground 
plane 21 side by the length h is provided on the inner 
side of the aperture portion of the guide section 46b of 
the wave-front conversion section 46, which is opened 
so as to surround the edge portion on one end side of 
the dielectric slab 23\ so as to be continuous in the 
transverse direction of the aperture portion with a pre- 
determined depth e in such a manner that a gap be- 
tween the matching section 46c and the surface of the 
dielectric slab 23' gradually becomes small toward the 
dielectric slab side. 

[0110] In this case, assuming that the impedance in 
the guide section 46b is Z1 and the impedance of the 
transmission guide of the dielectric slab 23' is Z2, the 
protrusion length h and the depth e of the matching sec- 
tion 46c are set in such a manner that the impedance Z 
of the transmission guide formed between the matching 
section 46c and the ground plane 21 can satisfy the fol- 
lowing expression: 

Z=(Z1-Z2) 1/2 

[01 1 1] As described above, by providing the matching 
section 46c on the inner side of the aperture portion of 
the guide section 46b, matching between the wave-front 
conversion section 46 and the transmission guide of the 
dielectric slab 23' can be achieved without additionally 
using the above-described matching dielectric having 
different taper processing or a different dielectric con- 



stant with respect to the dielectric slab. 
[0112] Incidentally, in FIG. 16, although an end posi- 
tion of the matching section 46c coincides with a position 
of the edge portion on one end side of the dielectric slab 
5 23', the matching section 46c may be arranged so as to 
overlap one end side of the dielectric slab 23' as shown 
in FIG. 17. 

[0113] Moreover, the above-described matching 
technique can be also utilized for matching between the 

10 horn section 30b of the above-described feed 30 and 
the wave-front conversion section 26 formed so as to 
extend to one end side of the dielectric slab 23. 
[0114] In this case, the matching section which pro- 
trudes toward the ground plane 21 side is provided on 

15 the inner side of the aperture portion of the horn section 
30b, which is opened so as to surround the edge portion 
on one end side of the wave-front conversion section 
23, so as to be continuous in the transverse direction of 
the aperture portion with a predetermined depth in such 

20 a manner that a gap between the matching section and 
the surface of the wave-front conversion section 26 
gradually becomes small. 

[0115] As described above, however, since the front 
end side of the wave-front conversion section 26 is 
25 curved, the matching section is also formed so as to 
curve in accordance with the front edge of the wave- 
front conversion section 26. 

[0116] In addition, the above-described matching 
section 46c protrudes toward the ground plane 21 side 
30 in such a manner that the gap between the matching 
section 46c and the surface of the dielectric slab 23' 
gradually becomes small. 

[0117] On the contrary, as shown in FIG. 18, the 
matching section 46c' may protrude toward the ground 

35 plane 21 side in such a manner that the gap between 
the matching section 46c* and the surface of the dielec- 
tric slab 23' gradually becomes small. 
[0118] Additionally, as described above, this match- 
ing technique can be utilized for matching between the 

40 horn section 30b of the feed 30 and the wave-front con- 
version section 26 formed so as to extend to one end 
side of the dielectric slab 23. 
[01 1 9] Further, although the radiation direction (direc- 
tion of a main beam) is one direction in the dielectric 

45 teaky-wave antennas 20 and 40, changing the wave- 
front conversion sections 26 and 46 and the feed 30 can 
realize the multi-beam. 

(Third Embodiment) 

50 

[0120] FIG. 19 is a front view for illustrating a structure 
when the feed and the wave-front conversion section 
shown in FIG. 1 are modified as a dielectric leaky-wave 
antenna according to a third embodiment of the present 
55 invention. 

[0121] For example, when modifying the above-de- 
scribed dielectric leaky-wave antenna 20 to a multi- 
beam radiation antenna, a bifocal type wave-front con- 
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version section 26' (dielectric lens) is provided, and a 
feed 30' is constituted by a plurality of, e.g., five wave 
guide type radiators 51(1), 51(2), — 51(5) and a cover 
52, as in a dielectric leaky-wave antenna 20' shown in 
FIG. 19. 

[0122] Here, phase centers C1 , C2, C5 of the re- 
spective radiators are arranged on the focal plane of the 
wave-front conversion section 26' or in the vicinity of the 
same. 

[01 23] In the dielectric leaky-wave antenna 20' having 
such a structure, as shown in FIG. 20, for example, the 
cylindrical wave Wa3 radiated from the central radiator 
51 (3) is converted as the plane wave Wb3 which is or- 
thogonal to a line L3 running through the center of the 
wave-front conversion section 26' from the phase center 
C3 (in this case, a straight line parallel to the transmis- 
sion guide of the dielectric slab 23). 
[0124] Therefore, similar to the above, the electro- 
magnetic wave is inputted to the transmission guide of 
the dielectric slab 23 in phase, and a beam which is or- 
thogonal to the surface of the slab and parallel to the 
plane including the transmission direction of the trans- 
mission guide is radiated. 

[0125] Further, for example, the cylindrical wave Wa1 
radiated from the radiator 51 (1 ) at the upper end is con- 
verted into the plane wave Wb1 which is orthogonal to 
a line L1 running through the center of the wave-front 
conversion section 26' from the phase center C1 , and 
inputted to the transmission guide in the dielectric slab 
23. 

[0126] Thus, the electromagnetic wave is inputted to 
the transmission guide of the dielectric slab 23 with the 
phase lag which is prominent from the upper side toward 
the lower side in FIG. 20. Based on this, as to the phase 
of the leaky electromagnetic wave, since the phase lag 
is also prominent from the upper side toward the lower 
side (in FIG. 20), the beam direction is inclined in the 
direction of the phase lag (lower side in FIG. 20). 
[0127] On the contrary, the cylindrical wave Wa5 ra- 
diated from the radiator 51 (5) at the lower end is con- 
verted into the planar wave Wb5 which is orthogonal to 
a line L5 running through the center of the wave-front 
conversion section 26' from the phase center C5, and 
inputted to the transmission guide in the dielectric slab 
23. 

[0128] Therefore, the electromagnetic wave is input- 
ted to the transmission guide of the dielectric slab 23 
with the phase lag which is prominent from the lower 
side toward the upper side in FIG. 20. Based on this, as 
to the phase of the leaky electromagnetic wave, since 
the phase lag Is also prominent from the lower side to- 
ward the upper side (in FIG. 20), the beam direction is 
inclined in a direction of the phase lag (upper side in 
FIG. 20). 

[01 29] As described above, the beam direction varies 
depending on the respective radiators 51(1), 51(2), 
51(5). When the electromagnetic wave is selectively 
supplied to the radiators 51 (1 ), 51 (2), ■« 51 (5), the elec- 



tromagnetic wave can be radiated in a direction corre- 
sponding to a position of that radiator, thereby enabling 
switching of the beam direction. 
[0130] This realization of the multi-beam switching 
5 can be also applied to the above-described electromag- 
netic leaky-wave antenna 40. 

(Fourth Embodiment) 

10 [0131] FIG. 21 isafrontviewforillustratingastructure 
when the feed and the wave-front conversion section in 
FIG. 11 are modified as a dielectric leaky-wave antenna 
according to a fourth embodiment of the present inven- 
tion. 

15 [0132] In this case, it is good enough that the reflect- 
ing wall 46a of the wave-front conversion section 46 is 
formed as a parabola type wall and the phase centers 
C1 , C2, C5 of a plurality of radiators 51(1), 51 (2), »• 51 
(5) of the feed 30' are arranged on the focal plane of the 

20 wave-front conversion section 46 or in the vicinity of the 
same, as in the dielectric leaky-wave antenna 40' shown 
in FIG. 21. 

[0133] it is to be noted that, in the above-described 
dielectric leaky-wave antennas 20' and 40', the tapered 
25 matching section 27 is formed at the end of the wave- 
front conversion section 26' or the end of the dielectric 
slab 23. 

[0134] On the contrary, as described above, the 
matching section 27' or the matching dielectric 41 hav- 
30 ing a different dielectric constant may be used in place 
of the matching section 27. 

[0135] Further, as to the dielectric leaky-wave anten- 
na 20' and 40' , the matching section which protrudes 
from the inner side of the opening portion of the cover 

35 52 toward the ground plane 21 side may be provided as 
similar to the matching section 46c provided atthe open- 
ing portion of the guide section 46. 
[0136] Furthermore, the metallic strip 34, the slot 37 
or a pair of metallic slits 34a and 34b may be used in- 

40 stead of the metallic strip 24 as the perturbation, or the 
metallic strips 24 and 25 or the slots 37 and 39 may be 
used as a pair of perturbations. 
[01 37] In the case of the antenna formed to deal with 
multiple beams, the electromagnetic wave must be se- 

45 lectively supplied to the respective radiators 51 (1), 51 
(2), .-61 (5). 

[0138] FIG. 22 is a block diagram showing an exam- 
ple of a feeder circuit applied to the third and fourth em- 
bodiments of the present invention. 

50 [0139] FIG. 23 is a block diagram showing another ex- 
ample of the feeder circuit applied to the third and fourth 
embodiments of the present invention. 
[0140] That is, FIGS. 22 and 23 show examples of the 
feeder circuit for the antenna formed so as to deal with 

55 multiple beams. 

[0141] The feeder circuit shown in FIG. 22 selectively 
inputs by a switch circuit 54 an IF signal outputted from 
an I F circuit 53 to any of a plurality of RF circuits (includ- 
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ing frequency conversion circuits) 55(1), 55(2), ••• 55(5) 
which are provided in accordance with the respective 
radiators 51(1), 51(2), 51(5). 

[0142] On the other hand, the feeder circuit shown in 
FIG. 23 converts the IF signal outputted from the IF cir- 
cuit 53 into an RF signal by the RF circuit, and selectively 
inputs this RF signal to any of the radiators 51(1), 51 (2), 
... 51 (5) by the switch circuit 56. 
[0143] Incidentally, in view of the performance and 
packaging, the feeder circuit shown in FIG. 22 which 
carries out switching of the IF signal is more advanta- 
geous. When it comes to the circuit scale, the feeder 
circuit shown in FIG. 23 in which a pair of RF circuits 
can suffice is more advantageous. Therefore, selection 
of either feeder circuit can be decided in accordance 
with each purpose. 

[0144] Moreover, although not shown, each radiator 
51 is coupled to the RF circuit 55 or the switch circuit 56 
through a coupling slot or a coupling probe and the like. 
[01 45] As described above, the dielectric leaky-wave 
antenna (1 ) according to the present invention is consti- 
tuted by the ground plane, the dielectric slab which is 
laid on one surface of the ground plane and forms the 
transmission guide for transmitting the electromagnetic 
wave from one end side to the other end side along the 
surface between the dielectric slab and the ground 
plane, the perturbations which are loaded on the surface 
of the dielectric slab along the electromagnetic wave 
transmission direction of the transmission guide at pre- 
determined intervals, and the feed for supplying the 
electromagnetic wave to one end side of the transmis- 
sion guide, thereby readily radiating the linearly polar- 
ized electromagnetic wave with a simple structure. 
[0146] Further, according to the dielectric leaky-wave 
antenna (2) of the present invention, in the dielectric 
leaky-wave antenna (1), the perturbation has a length 
which is substantially equal to the width of the dielectric 
slab and is constituted by a metallic strip or a slot which 
is orthogonal to the electromagnetic wave transmission 
direction of the transmission guide, thereby easily radi- 
ating the linearly polarized electromagnetic wave with a 
simple structure. 

[01 47] Furthermore, according to the dielectric leaky- 
wave antenna (3) of the present invention, in the dielec- 
tric leaky-wave antenna (1), since the perturbation is 
constituted by a metallic strip or a slot having an angle 
of 45 degrees relative to the electromagnetic wave 
transmission direction of the transmission guide, the 
45-degree linearly polarized electromagnetic wave can 
be readily radiated with a simple structure, which is pref- 
erable as an antenna for a radar mounted in an auto- 
mobile. 

[0148] Moreover, according to the dielectric leaky- 
wave antenna (4) of the present invention, in the dielec- 
tric leaky-wave antenna (2) or (3), since a pair of pertur- 
bations arranged in parallel in such a manner that an 
interval along the electromagnetic wave transmission 
direction of the transmission guide becomes substan- 



tially 1/4 of a wavelength of the electromagnetic wave 
in the transmission guide are loaded along the electro- 
magnetic wave transmission direction of one transmis- 
sion guide at the predetermined intervals, reflection in 
5 the transmission guide caused due to the perturbations 
can be canceled out, thereby reducing disturbance of 
the characteristic. 

[0149] In addition, according to the dielectric leaky- 
wave antenna (5) of the present invention, in the dielec- 

10 trie leaky-wave antenna (1), since the perturbation is 
formed by a pair of metallic strips or a pair of slots which 
form an angle of 90 degrees each other and each of 
which has an angle of 45 degrees relative to the elec- 
tromagnetic wave transmission direction of the trans- 

15 mission guide, the polarization state can be changed by 
varying an interval between the pair of metallic strips or 
the pair of slots. 

[0150] Additionally, according to the dielectric leaky- 
wave antenna (6) of the present invention, in the dielec- 

20 trie leaky-wave antenna (5), since the interval of the pair 
of metallic strips or the pair of slots is set to approxi- 
mately 1/4 or 1/2 of the wavelength in the transmission 
guide, the horizontally polarized or circularly polarized 
electromagnetic wave can be easily radiated with a sim- 

25 pie structure. 

[01 51 ] Further, according to the dielectric leaky-wave 
antenna (7) of the present invention, in the dielectric 
leaky-wave antenna (5), since the feed is constituted so 
as to radiate the cylindrical wave and the wave-front 

30 conversion section which converts the cylindrical wave 
radiated from the feed into a plane wave and leads it to 
the transmission guide is provided to one end side of 
the dielectric slab, the electromagnetic wave which is in 
phase can be supplied to the transmission guide formed 

35 by the dielectric slab. 

[0152] In addition, according to the dielectric leaky- 
wave antenna (8) of the present invention, in the dielec- 
tric leaky-wave antenna (7), since the wave-front con- 
version section is formed by extending the dielectric slab 

40 to the feed side, the structure is simplified, and the elec- 
tromagnetic wave subjected to wave-front conversion 
can be directly led to the transmission guide, which is 
efficient. 

[01 53] Furthermore, according to the dielectric leaky- 
45 wave antenna (9) of the present invention, in the dielec- 
tric leaky-wave antenna (8), the feed is formed so as to 
transmit .the electromagnetic wave inputted from one 
end side thereof to one end side of the dielectric slab 
along the ground plane and radiate the electromagnetic 
50 wave from the aperture portion on the other side formed 
so as to surround the edge portion on one end side of 
the dielectric slab, and the matching section which pro- 
trudes toward the ground plane is provided to the aper- 
ture portion on the other end side of the feed in such a 
55 manner that a gap between the matching section and 
the surface of the wave-front conversion section be- 
comes gradually or continuously small toward the wave- 
front conversion section in order to match the feed and 
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the wave-front conversion section. Therefore, the taper 
processing and the like of the dielectric slab is no longer 
necessary, thereby matching between the feed and the 
wave-front conversion section with a simple structure. 
[0154] Moreover, according to the dielectric leaky- 5 
wave antenna (10) of the present invention, in the die- 
lectric leaky-wave antenna (8), since the matching sec- 
tion for matching the feed and the wave-front conversion 
section and leading the electromagnetic wave supplied 
from the feed to the wave-front conversion section is 
provided to the front end of the wave-front conversion 
section, the electromagnetic wave from the feed can be 
efficiently led to the wave-front conversion section. 
[0155] In addition, in the dielectric leaky-wave anten- 
na (11) of the present invention, in the dielectric leaky- 
wave antenna (7), the wave-front conversion section 
has the reflecting wail forconverting the cylindrical wave 
into the plane wave and one half portion of the reflecting 
wall is arranged so as to be directed to one end side of 
the dielectric slab. The feed is arranged with its radiation 
aperture being directed to the other half portion of the 
reflecting wall of the wave-front conversion section so 
as to radiate the electromagnetic wave to the other half 
portion on the opposite side to the dielectric slab with 
the ground plane being sandwiched between the feed 
and the dielectric slab. Therefore, the length of the entire 
antenna can be shortened. 

[0156] Additionally, according to the dielectric leaky- 
wave antenna (12) of the present invention, in the die- 
lectric leaky-wave antenna (1 1 ), since the matching sec- 
tion for matching the wave-front conversion section with 
the transmission guide of the dielectric slab is provided 
to one end side of the dielectric slab, the electromag- 
netic wave can be efficiently led from the wave-front 
conversion section to the dielectric slab, 
[01 57] Further, according to the dielectric leaky-wave 
antenna (13) of the present invention, in the dielectric 
leaky-wave antenna (10), the matching section is 
formed into a tapered shape so that the thickness is re- 
duced toward the input side of the electromagnetic 
wave, thereby efficiently leading the electromagnetic 
wave with a simple structure. 
[0158] Furthermore, according to the dielectric leaky- 
wave antenna (14) of the present invention, in the die- 
lectric leaky-wave antenna (1 0) or (1 2), since the match- 
ing section is constituted by the dielectric having a die- 
lectric constant different from that of the dielectric slab, 
fracture or damage to the dielectric slab caused due to 
the taper processing can be prevented from occurring. 
[0159] Moreover, according to the dielectric leaky- 
wave antenna (15) of the present invention, in the die- 
lectric leaky-wave antenna (12), the wave-front conver- 
sion section is formed so as to transmit the electromag- 
netic wave reflected by the reflecting wall to one end 
side of the dielectric slab along the ground plane and 
radiate the electromagnetic wave from the aperture por- 
tion formed so as to surround the edge portion on one 
end side of the dielectric slab, and the matching section 



which protrudes toward the ground plane side is provid- 
ed to the aperture portion of the wave-front conversion 
section in such a manner that the gap between the 
matching section and the surface of the dielectric slab 
gradually or continuously becomes small toward the di- 
electric slab side in order to match the wave-front con- 
version section with the transmission guide of the die- 
lectric slab. Therefore, the taper processing and the like 
of the dielectric slab is no longer necessary, thereby at- 
taining matching between the wave-front conversion 
section and the transmission guide of the dielectric slab 
with a simple structure. 

[0160] In addition, according to the dielectric leaky- 
wave antenna (16) of the present invention, in the die- 
lectric leaky-wave antenna (11), the feed has a plurality 
of radiators having different radiation center positions, 
and the wave-front conversion section converts the cy- 
lindrical wave radiated from each radiator into the plane 
wave whose wave front is inclined at an angle corre- 
sponding to the phase center position of that radiator 
and supplies the obtained wave to the transmission 
guide. Therefore, selectively supplying the electromag- 
netic wave to the radiator can change the beam direc- 
tion, thereby realizing the beam switching. 
[0161] Additionally, in such an invention, in order to 
maintain the antenna efficiency high, by providing a "di- 
electric leaky-wave antenna having a single-layer struc- 
ture" which is of a so-called image guide type in which 
the dielectric slab is laid on the ground plane, the thick- 
ness of the dielectric slab can be 1/2 of the thickness 
obtained when the above-described "dielectric leaky- 
wave antenna (double-layer structure)" is applied to a 
quasi-millimeter wave zone. Based on this important 
knowledge, since the thickness of the dielectric slab can 
be approximately 0.6 to 0.8 mm as compared with the 
prior art, the alumina slab having a regular thickness as 
the standard size which is generally used as such a di- 
electric slab can be used as it is, thereby reducing the 
material cost. 

[0162] Further, by providing such a "dielectric leaky- 
wave antenna having a single-layer structure", the con- 
ductor loss is increased on the whole as compared with 
the case where an air layer is provided as in the above- 
described "dielectric leaky-wave antenna (double-layer 
structure)". However, since the conductor loss itself is 
in proportion to the square root of the frequency, its in- 
fluence can be relatively small in the quasi-millimeter 
wave zone. 

[0163] Furthermore, in such a "dielectric leaky-wave 
antenna having a single-layer structure", the antenna 
structure such as provision of metallic strip rows which 
are uniform in the transverse direction on the dielectric 
slab surface or provision of the reflection suppression 
strip on the same surface can be also developed com- 
monly with the above-described "dielectric leaky-wave 
antenna (double-layer structure)". 
[0164] Therefore, as described above in detail, ac- 
cording to the present invention, the dielectric leaky- 
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wave antenna having a single-layer structure which is 
effective for realizing the highly efficient low-cost anten- 
na can be provided with respect to communication in the 
quasi-millimeter wave zone such as 22 GHz, 26 GHz, 
38 GZz ••• in particular, for example, wireless access, an 
indoor wireless LAN, or applications of a low frequency 
domain of the millimeter wave. 



Claims 

1 . A dielectric leaky-wave antenna comprising: 

a ground plane; 

a dielectric slab which is laid on one surface of 
said ground plane, and forms a transmission 
guide for transmitting an electromagnetic wave 
from one end side to the other end side along 
the surface between itself and said ground 
plane; 

perturbations which are loaded on the surface 
of said dielectric slab along the electromagnetic 
wave transmission direction of said transmis- 
sion guide at predetermined intervals and leaks 
the electromagnetic wave from the surface of 
said dielectric slab; and 
a feed which supplies the electromagnetic 
wave to one end side of said transmission 
guide. 

2. The dielectric leaky-wave antenna according to 
claim 1 , wherein said perturbation has a length sub- 
stantially equal to a width of said dielectric slab and 
is constituted by a metallic strip or a slot which is 
orthogonal to the electromagnetic wave transmis- 
sion direction of said transmission guide. 

3. The dielectric leaky-wave antenna according to 
claim 1 , wherein said perturbation is constituted by 
a metallic strip or a slot which has an angle of 45 
degrees relative to the electromagnetic wave trans- 
mission direction of said transmission guide. 

4. The dielectric leaky-wave antenna according to 
claim 2 or 3, wherein a pair of said perturbations 
arranged in parallel to each other in such a manner 
that an interval along the electromagnetic wave 
transmission direction of said transmission guide 
becomes substantially 1/4 of a wavelength of the 
electromagnetic wave in said transmission guide 
are loaded along the electromagnetic wave trans- 
mission direction of said transmission guide at said 
predetermined interval. 

5. The dielectric leaky-wave antenna according to 
claim 1 , wherein said perturbations are constituted 
by a pair of metallic strips or a pair of slots which 
form an angle of 90 degrees and each of which has 



an angle of 45 degrees relative to the electromag- 
netic wave transmission direction of said transmis- 
sion guide. 

5 6. The dielectric leaky-wave antenna according to 
claim 5, wherein an interval between said metallic 
strips forming a pair or an interval between said 
slots is set to approximately 1/4 or 1/2 of a wave- 
length of the electromagnetic wave in said transmis- 
10 sion guide. 

7. The dielectric leaky-wave antenna according to 
claim 1 , wherein said feed is constituted so as to 
radiate a cylindrical wave, and a wave-front conver- 
ts sion section for converting the cylindrical wave ra- 
diated from said feed into a plane wave and leading 
it to said transmission guide is provided on one end 
side of said dielectric slab. 

20 8. The dielectric leaky-wave antenna according to 
claim 7, wherein said wave-front conversion section 
is formed by extending said dielectric slab to said 
feed side. 

25 9. The dielectric leaky-wave antenna according to 
claim 8, wherein said feed is formed so as to trans- 
mit the electromagnetic wave inputted from one end 
side to one end side of said dielectric slab along said 
ground plane and radiate the electromagnetic wave 

30 from an aperture portion on the other end side 
formed so as to surround an edge portion on one 
end side of said dielectric slab, and a matching sec- 
tion which protrudes toward said ground -plane is 
provided to an aperture portion on the other end 

35 side of said feed in such a manner that a gap be- 
tween itself and the surface of said wave-front con- 
version section gradually or continuously becomes 
small toward said wave-front conversion section 
side in order to attain matching between said feed 

40 and said wave-front conversion section. 

10. The dielectric leaky-wave antenna according to 
claim 8, wherein a matching section for attaining 
matching between said feed and said wave-front 
45 conversion section and leading the electromagnetic 
wave supplied from said feed to said wave-front 
conversion section is provided at a front end of said 
wave-front conversion section. 

so 11. The dielectric leaky-wave antenna according to 
claim 7, wherein said wave-front conversion section 
has a reflecting wall for converting the cylindrical 
wave into the plane wave, one half portion of said 
reflecting wall is arranged so as to be directed to 
55 one end side of said dielectric slab, and said feed 
is arranged with its radiation aperture directed so 
as to radiate the electromagnetic wave to the other 
halt portion of said reflecting wall of said wave-front 
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conversion section on the opposite side to said di- 
electric slab with said ground plane between said 
feed and said dielectric slab. 

12. The dielectric leaky-wave antenna according to 5 
claim 11, wherein a matching section for attaining 
matching between said wave-front conversion sec- 
tion and said transmission guide of said dielectric 
slab is provided on one end side of said dielectric 
slab. 10 

13. The dielectric leaky-wave antenna according to 
claim 10 or 12, wherein said matching section is 
formed into a tapered shape so that its thickness is 
reduced toward an input side of the electromagnetic « 
wave. 

14. The dielectric leaky-wave antenna according to 
claim 10 or 12, wherein said matching section is 
constituted by a dielectric having a dielectric con- 20 
stant different from that of said dielectric slab. 

15. The dielectric leaky-wave antenna according to 
claim 12, wherein said wave-front conversion sec- 
tion is formed so as to transmit the electromagnetic 25 
wave reflected by said reflecting wall to one end 
side of said dielectric slab along said ground plane 
and radiate the electromagnetic wave from an ap- 
erture portion formed so as to surround an edge 
portion on one end side of said dielectric slab, and 30 
a matching section which protrudes toward said 
ground plane side is provided to said aperture por- 
tion of said wave-front conversion section in such a 
manner that a gap between itself and the surface of 
said dielectric slab gradually or continuously be- 35 
comes small toward said dielectric slab side in order 

to attain matching between said wave-front conver- 
sion section and said transmission guide of said di- 
electric slab. 

40 

16. The dielectric leaky-wave antenna according to 
claim 7, wherein said feed has a plurality of radia- 
tors having different phase center positions, and 

wherein said wave-front conversion section 
converts the cylindrical wave radiated from each of 45 
said radiators into a plane wave whose wave front 
is inclined at an angle corresponding to the phase 
center position of that radiator and supplies it to said 
transmission guide. 
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